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THE BRAIN IN EXPERIMENTAL VASCULAR DISEASE*
M. C. WINTERNITZ, R. KATZENSTEIN, E. MYLON,
J. P. MURPHY, AND H. M. ZIMMERMAN
Respiratory distress, excitement, nystagmus, convulsions, and
coma succeeded by weakness and temporary or permanent paralysis
have been noted in earlier communications dealing with the relation
of the kidney to cardiovascular disease. These symptoms follow the
intravenous injection of extracts of kidney, of testicle, and of other
organs, as well as of fractions of these extracts.4 Usually such mani-
festations occurpromptlyafterinjection, but theyhave been observed
unrelated to any known immediate influence, especially after the
kidney has been rendered ischemic by some experimental procedure.
The lesions encountered areof manytypes. They run the gamut
from gross hemorrhage or softening of the brain, occasionally with
obvious disease of associated vessels, and focal areas of softening and
neuroglia proliferation to the disappearance of ganglion cells in par-
ticular zones with little glial reaction.
Often both the symptoms and associated anatomical changes are
not differentiable from those of man. When they follow the use of
tissue extracts, problems arise involving the blood coagulation time
as well as the action of the extract on the vessel wall, particularly
its muscular coat. Such lesions of the media are known to result
from experimentally induced renal ischemia and are analogous to
similar vascular changes in man, particularly in association with renal
disease. Less attention has been directed to theinfluence which these
diseases may exert upon the coagulation of the blood; the throm-
botic processes are usually believed to result from primary mural
lesions.
The report that follows shows that lesions of the central nervous
system are rare after bilateral nephrectomy alone, but that they are
more frequent and extensive when the nephrectomized animals are
injected with extracts of kidney, and even more so when testicle
extracts are used. Also presented are changes noted in the central
nervous system following the injection of these extracts in dogs not
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subjected to any previous operative procedure. The report will
attempt to evaluate the various agencies included in the extracts in
relation both to the symptomatology and the structural alterations
encountered. In 1938 Hoefer, Putnam, and Gray' reported the
production oflesions ofthecentral nervous system bytheintravenous
injection of various coagulants. Among these was a lung extract
prepared after the method of Mills. The symptoms following
injection, the generalized thrombi involving particularly the heart,
lung,. and liver, as well as the lesions of the central nervous,system
are in general accord with those to be included in this report. The
authors are inclined to attribute the lesions of the central nervous
system to the thrombi frequently encountered on microscopic
examination.
Materials and methods
Many months elapsed after this general study of cardiovascular disease
was undertaken before the significance of the clinical evidence of central ner-
vous system irritation was realized. As a consequence, anatomical study of the
brain was limited to a fraction of all the animals under observation, 117 in
all. Indications for examination of the cord were infrequent.
The brains were removed promptly at necropsy and fixed in 10 per cent
neutral formalin (U. S. P. ). After a period of adequate fixation they were
sectioned in a frontal plane at about 5 mm. intervals and blocks were
removed for microscopic examination. In addition to regions of the br'ain
containing lesions which were seen with the naked eye, blocks were selected
from the basal ganglia, internal capsule, and cerebral cortex. The celloidin
method of embedding was employed routinely and alternate sections were
stained with thionin by the method of Nissl and with Masson's trichrome
stain. Where indicated, the medullary fibers were studied in preparations
stained by the Kultschitzky method.
The neuropathology studies were made by Drs. Zimmerman and Mur-
phy. They had a general knowledge of the histories of the animals, but no
effort to correlate the detail of the clinical and anatomical findings was made
until the report of their examination of the central nervous system had been
completed.
Bilaterally nephrectomized group. The clinical course, survival
time, and general anatomical changes have been reported.4 The
brains of 8 of these dogs were studied; 5 had a- few minute pial
hemorrhages and a few petechiae also were found in the brain tissue,
but there were no other demonstrable lesions in the central nervous
system.
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Ligation of both nain renal arteries. The brains of only 2 of
the animals (Nos. 373 and 374) included in this category were
examined. A few small meningeal hemorrhages were the only
lesions identified. These animalslivedlessthan 4days afterligation
of the arteries and perhaps this should be borne in mind in the
absence of central nervous system lesions. On the other hand, typi-
cal and extensive hemorrhagic and necrotizing changes were abun-
dant elsewhere in the viscera.
Another animal might well be included in this group. Dog No.
473, a large hunting dog of 50 lbs. had his left kidney removed 5
days before a lateral anastomosis between the main renal artery and
vein was made. Heparin, 150 mg. in 20 cc. of saline, was injected
before operation, and after the anastomosis was completed 450 mg.
of heparin in 1000 cc. of saline were infused by the drop method
over a period of 6 hours as a precaution against thrombosis. The
general condition of the animal remained good; his blood pressure
gradually rose from the pre-operative level of 130 mm. Hg to 210
during the next 4 days and then began to fall slowly during the next
3 days to 170; his blood NPN, on the other hand, continued to rise
and reached 325 mg. % on the 8th day. In spite of this the animal
seemed in good condition and enjoyed the liberty of-a large room.
While walking around in this space he was observed to fall in a con-
vulsion that involved his entire body; the extremities were rigidly
extended and the head was drawn back. The convulsion lasted for
at least 5 minutes, after which the animal was weak and unable to
stand for another 20 minutes. The next morning he was found
dead, the water container was overturned and the extremities were
extended as though there had been another convulsion.
At necropsy a hematoma was found extending from the kidney
into the retroperitoneal tissue over the psoas muscle. The kidney
was swollen, covered by fibrin and blood, and practically the entire
organ was involved by alternating hemorrhagic and anemic infarcts.
Microscopically, both the intrarenal arteries and veins contained
thrombi. Thevein distal to the anastomosis contained a small mural
thrombus. The anastomosis itself was intact and patent, but the
artery was occluded by thrombus beginning at the anastomosis and
extending into the renal parenchyma. Microscopically, necroses of
artery walls were found in the edematous submucosa of the stomach
and there was a thrombus in one of the veins. The brain and
meninges weregrossly and microscopically negative.
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Ureteral obstruction. This group must be subdivided. Three
animals had only one ureter ligated (compare with Nos. 424, 425,
and 426 with only one renal artery ligated2) and the resulting
changes were determined a week later. All had hemorrhages in the
meninges and 2 of the 3 also had small hemorrhages in the brain
itself.
These lesions of both meninges and brain were much more
extensive after complete occlusion of both ureters. The animals
survived 5+ days. Two of them, during the last 48 hours of sur-
vival, had convulsions which were both tonic and clonic in character,
and were repeated at irregular intervals; the animals survived the
attacks and did not have convulsions at the time of death.
Many lesions of the type already described involving both the
kidney and the other viscera were found. The lesions in the
meninges and brain were largely extravasations of blood in the peri-
vascular sheaths. It was not considered that these were causally
related to the convulsions.
Animals survived incomplete ureteral occlusion for from 2 weeks
to 2 months. In some instances the clinical course was temporarily
associated with hypertension. More often the NPN of the blood
waselevated and this was usuallyquite markedtoward the end ofthe
experiment. None of these animals gave any evidence of central
nervous system irritation and in spite of severe changes in heart and
blood vessels manifested by some there were no extensive lesions in
the brain or its coverings. An occasional petechial hemorrhage was
all that was found except in dog No. 405: it survived for 36 days,
had marked bilateral hydronephrosis, a sclerotic lesion in the pul-
monary artery, and aglial scar in the sixth layer of the motor cortex.
Bilateral nephrectomy plus injection of extract of kidney. This
group includes 35 animals. The extracts varied from the simple
saline preparation after acetone-ether treatment, to fractions of this
preparation, including those made with the high-speed centrifuge.
The survival time varied from 2 to 8 days; the symptoms included
convulsions in only 5 animals. These occurred so late in the clinical
course that associated anatomical change was not demonstrable. The
general visceral lesions have been reported previously. Those of
the central nervous system included necrosis of the walls of blood
vessels and cerebral hemorrhage and softening. Typical examples
of these are included in the protocols that follow. Attention is
directed to animals 225 and 226, which received the upper 2/3 and
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the lower 1/3, respectively, of the Buchner press extract after high-
speed centrifugation. (See Winternitz, Mylon, Waters, and Kat-
zenstein,4 p. 657.)
Dog No. 144 received 1.5 cc. of "Renin D" intravenously on
each of 5 days following his second nephrectomy. The typical rise
in blood pressure was associated with each injection. On the 6th
day the experiment was terminated. Hemorrhages were found in
the wall of the pulmonary artery and beneath the endocardium of
the left ventricle. Microscopic examination revealed extensive
necrosis of the walls of small vessels in the submucosa of the gastro-
intestinal tract. In the left supra-marginal gyrus there was a focus
of encephalomalacia consisting of a cyst-like cavity in the walls of
which were found manylarge mononuclear cells filled with granular,
golden-brown blood pigment (Fig. 50). The margin of this focus
of softening contained astrocytes and mononuclear phagocytes. The
importance of the lesion is its close similarity to the human counter-
part, which is of such frequent occurrence, and the fact that it was
developed in not more than 7 days.
Dog No. 164 survived bilateral nephrectomy for 5X12 days and
received 4 injections of "Renin E2" on each of the first 4 days.
The rise in blood pressure was as usual. On the second day the ani-
mal had a convulsion lasting 3 minutes, characterized by the alter-
nating clonic and tonic spasms. Gross and microscopic visceral
lesions were moderate both in number and degree. Meningeal
hemorrhages were found over the cerebellum, and pericapillary
hemorrhages werepresent in the left Ammon's horn. Ganglion cells
in the third and fourth layers of the hippocampal cortex adjacent to
the subiculum showed shrinkage and darkening of the cell bodies
with cork-screw apical dendrites. Many neurones in the thalamus
were pale and their outlines were obscured. Satellitosis was marked
and therewere alsoexamples oftrue neuronophagia.
Dog No. 125 was injected, on each of the 4 days he survived
after removal of the kidneys, with a Buchner press extract of the
wet saline powder remaining after extraction of the minced kidney
with acetone and ether. The rise in blood pressure was characteris-
tic after each injection. Convulsions, 4 in number, occurred after
the last injection and during a subsequent 2-hour survival period.
Extensive cardiovascular lesions were present. A hemorrhage, 1
cm. in diameter, was found in the meninges over the right occipital
pole and similar hemorrhages were found in the subcortex of the
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same hemisphere. Necrosis of arterial walls without associated
hemorrhage or thrombosis was found in the brain histologically.
The Buchner extract separated by the high-speed centrifuge was
used for dogs 225 and 226. The former received the upper dear
2/3, the latter the lower 1/3. Dog No. 225 survived 4 days after
bilateral nephrectomy, having been injected with 20 cc. of the solu-
tion each day. The usual rise in blood pressure followed each injec-
tion. Two hours afterthelast injection hehad his first convulsion; a
second occurred 30 minutes later and death followed within 2 hours.
Extensive lesions were found throughout the body, induding the
central nervous system. They consisted of petechial hemorrhages
in the meninges and in the parenchyma itself at the juncture of the
gray and white matter. Histologically, necrosis of arteriolar walls
associated with the hemorrhages was found both in the meninges and
in the cortex. Infarct-like lesions consisting of parenchymal soft-
ening were found in the parietal lobe with absence of ganglion cells
and with infiltration of polynuclear and Hortega cells. In contrast,
is dog No. 226, which survived only 2>2 days and received 2 injec-
tions of 20 and 10 cc. respectively. The blood-pressure response
was marked and there was a convulsion on the second day, but there
were few lesions in the body generally and only a few petechiae in
the meninges.
Norm,al dogs snjected uwth kidney extracts. A total of 33 dogs
had been injected over a long period with crude kidney extracts,
the saline preparation after acetone-ether treatment, or with Renin
D. The majority (21) received the crude preparation. Several
ofthese are living and well, in spite ofserious clinical manifestations
induding paralysis from which they recovered. The chronic lesions
outside of the central nervous system will be reported in a later
communication which will also deal with the increased tolerance to
the extract seemingly developed by these animals.
The protocols that follow are illustrative of the clinical features
and anatomical changes displayed by this group.
Dog No. 88, a female spitz weighing 19 lbs. had one kidney removed on
5/12/39. From this date up to 3/8/41 she has received 278 injections,
totalling 2820 cc. of crude kidney extract. Moderate and severe reactions
followed early injections. Bleeding from the bowels and muscular contrac-
tures, suggesting a central nervous system lesion, developed during the first
month and the injections were discontinued for about 6 weeks. Now, the
animal is in excellent condition and aside from changes in blood pressure
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and respiration she shows no untoward symptoms when injected with the
crude extract.
Dog No. 45. A right nephrectomy was done on this animal on 8/12/38.
Five months later a Goldblatt clamp was placed on the left renal artery.
Injections of saline extract of minced kidney, begun on 4/29/39, were con-
tinued with interruptions until 11/22/39. Altogether 655 cc. were used.
Reactions to the single injections varied markedly. The typical pressure rise
was always manifest, at times uncomplicated, at times with deep breathing,
nystagmus, and other symptoms. Hemorrhages were found in the left eye-
ground. Tarry stools, and later, 3 weeks before death, frank blood was
observed in the stools. Death occurred after 4 minutes of unconsciousness
following an injection. Many thrombi were found in branches of the pul-
monary artery and portal vein. In the brain there was a large hemorrhage
in the right internal capsule and several smaller ones were present in the cau-
date nucleus (Fig. 54). The erythrocytes in these lesions were still well pre-
served, but already numerous large vacuolated mononuclear phagocytes were
found in and near the extravasations. Two arterioles on the margin of the
largest hemorrhage had necrotic walls as had also a large central vein.
Dog No. 48. After ligation of one renal artery and partial occlusion of
the other, this beagle's blood pressure rose to 220 mm. Hg and the NPN rose
to 89.9 mg. %. The latter returned to normal after several weeks. Then
he received 114 cc. of crude kidney extracts in 19 injections within 28 days.
The injections were characterized by a fall in blood pressure and only rarely
was this followed by a slight rise of 20-30 mm. Hg. Nystagmus was frequent
and on 2 occasions the animal convulsed. Weakness was so marked after this
that the experiment was terminated. Many thrombi were present in the
portal veins and- in the gastric and intestinal 'submucosa. A small focus of
encephalomalacia was found'in the left caudate nucleus but the occluded
vessel was n;ot located. Microscopic examination of this small area revealed
hemorrhage, hemosiderin free in the tissue and in phagocytes, foam cells and
astrocytes, as well as swollen oligodendroglia.
The animals that received the acetone-ether treated preparation
(5), or Renin D (6), for S to 9 months and in amounts varying
from 470 to 1800 cc., showed no characteristic reactions aside from
theusual rise in blood pressure associated with injection. Occasional
vomiting, urination, and defecation, and, very rarely, bleeding from
the bowel werenoted. Anatomically aswell as clinically noevidence
of central nervous system involvement was found.
The contrasting facts from these groups of animals are of inter-
est. The brain lesions associated with the injection of crude extracts
are, as will be seen, in accord with the particulate and chemical
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nature of the crude extract. Acetone-ether treatment, which is
always used for the preparation of Renin, results in the removal of
substances from crude kidney extracts. The use of such preparations
does not lead to changes in the central nervous system.
Testicle extract. Normal dogs, as well as bilaterally nephrec-
tomized animals, have been injected with crude saline extract of
minced testicle or with fractions of the preparation. The reaction to
injection is much more marked than with kidney extracts; indeed,
the extract pre-treated with acetone-ether results in much more
severe symptoms than does the crude kidney extract. The basis for
these symptoms is considered in detail in a separate communication.
The difference between the group of normal dogs and the bilaterally
nephrectomized animals is largely dependent upon the period of sur-
vival. However, the general effect of removal of the kidneys with
resulting changes in blood nitrogen and electrolytes must be borne
in mind in the interpretation of results.
Bilateral nephrectomy plus testicle extracts. This group com-
prised 39 animals. The brains of 28 of these were examined.
Various fractions of the extract were used, but since, as has been
subsequently ascertained,2 other factors, such as the rate of injection,
are ofsignificance in determining the result, adivision of the animals
on the basis of the particular extract used is not warranted. More-
over, not all of the animals injected with any one extract showed
lesions. Nystagmus followed injections in 3 animals, whereas 3
others had serious convulsive episodes, 2 vomited, and 1 developed
a staggering gait. The anatomic changes in the nervous system were
similar to those after bilateral nephrectomy alone, but many more
larger hemorrhages were seen both in the nervous parenchyma and
meningeal coverings. Inaddition, large cerebral infarcts were found
in 2 of the dogs (Nos. 280 and 349) in which there were no pos-
sible sources of emboli. Both of these animals, on the other hand,
had extensive cerebral vascular disease characterized by mural necro-
sis andleukocyticinfiltration. Theprotocols ofthese animals follow.
Dog No. 280. On each of 5 days following the second nephrectomy
the dog was injected with saline extract of the powder resulting from ace-
tone-ether treatment of minced testicle. He received 3 cc. on each of the
first 2 days, whereas 5 cc. were given at each of the last 3 injections. At
necropsv an occluding thrombus was present in the portal vein. It filled the
right auricular appendage, was twined around the chordae of the tricuspid
valve, and was adherent as gray nodules to one of its cusps. Extensive hem-
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orrhages were encountered in the endocardium of the left auricle and ventri-
cle and in the gastro-intestinal wall. The submucosa of the stomach was
edematous. There was hemorrhagic necrosis of both testicles. A large
hemorrhage was found in the subarachnoid space over the right occipital lobe,
emanating from a large extravasation in the underlying cortical gray matter.
Large, dark, round hemorrhages were present in the white matter of the left
frontal lobe and at the junction of gray and white matter in the right tem-
poral lobe (Fig. 46). Petechiae were found in the right parietal subcortex
and right thalamic nuclei.
Phagocytic microglia containing blood pigment, as well as rod-shaped
Hortega cells, were intermingled with erythrocytes on the margin of the tem-
poral lobe hemorrhage. Here, also, were astrocytes and many newly prolif-
erated capillaries (Fig. 47). Representative of the vessels which formed the
source of this large hemorrhage was an arteriole whose adventitia was ele-
vated by an intramural hematoma-a genuine miliary dissecting aneurysm
(Fig. 48). This vascular lesion was in no way distinguishable from that
which is often found in cerebral hemorrhage in man (Fig. 49).
The cerebrum of this animal also revealed several large zones of ischemic
infarction. The ganglion cells in such areas had disappeared and were in part
replaced by fat-granule cells and other proliferated glial elements.
Dog No. 349. This animal had his right and left kidneys removed on
3/12 and 3/19/40, respectively. On each of the succeeding 4 days he was
injected intravenously with a preparation of testicle made as follows. The
minced organ, after extraction with acetone and ether, was dried and
extracted with salt solution. This extract was precipitated with glacial acetic
acid and, after removal of the supernatant fluid, washed 3 times with
1 per cent acetic acid. The precipitate, partly dissolved with 1/10 normal
sodium hydroxide, was finally dissolved in a few cubic centimeters of bicar-
bonate of soda (pH 7.9), slightly acidified with lactic acid, and brought to
a final pH of 6.7.
The first injection of 2 cc. was followed in 4 minutes by general agita-
tion, nystagmus, and weakness. When the animal finally got to his feet,
after 6 minutes, he circled to the left. The nystagmus persisted for 10 min-
utes. The second, third, and fourth injections of 10, 10, and 15 cc. were
followed by similar reactions. Examination on the 5th postoperative day,
when the animal seemed quite ill, revealed splinter hemorrhages in the hollow
viscera of the abdomen. Thrombi were present in the main branches of the
portal vein and were caught in the chordae of the tricuspid valve and in the
pulmonary artery. Hemorrhages were found in the wall of the pulmonary
artery and in the pancreas. There was necrosis of blood vessel walls in many
viscera, including the submucosa of stomach, intestine, and liver.
Focal hemorrhages were seen beneath the intima of the pulmonary artery
and in the pancreas. These were associated with angionecrosis in the porta
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hepatis, small intestine, and peri-adrenal tissues. On the whole, there were
relatively few cerebral hemorrhages, but the cerebellar folia disdosed wide
disappearance of Purkinje cells, necrosis of the neuronal elements in the gran-
ular layer, and capillary proliferation as well as glial "lawn" formation in the
molecular layer (Fig. 60). A few scattered fresh hemorrhages were also
found in this layer.
Normal animals and testicle extract. Only the saline extract of
minced testes pre-treated with acetone-ether was used with this
group of animals. The preparation produces the thrombotic lesions
so characteristic of many of the fractions as well as of the crude
extract of testicle, and has the advantage of being free of particulate
matter. The symptoms that follow its injection are very similar to
those due to the crude extract, but in general they are somewhat less
severe. Comparison of different extracts from the standpoint of the
symptomatic and anatomic effects forms the subject of a separate
communication.'
The intact, as distinct from the nephrectomized animal, is very
likely to survive repeated injections for a much longer period and
consequently both the chronic and acute responses to the extracts
are more prone to be manifest. It is also true that while the acute
lesionsconformto the samepatterns, includingvascular-wall necrosis,
hemorrhage, and softening, their location is so diverse that the
intact animal surviving their inception manifests wide variation in
symptomatology. Likewse, the extent of the acute lesions, which,
as has been seen, may vary from massive destruction of brain paren-
chyma to simple necrobiosis of ganglion-cells, alters the picture in
the chronic animal. Some of these variations are illustrated in the
protocols that follow.
Dog No. 429. This setter was given the saline extract of minced testicle
after acetone-ether treatment. He received 5 injections, totalling 32 cc.,
during 16 days. Each of the injections was followed by labored respiration,
salivation, weakness, and neurological signs, including nystagmus and clonic
movements of the legs. About 20 hours after the fifth injection the first
eDileptic seizure was noted. It was started by a phase of tonic stiffness of all
extremities. This lasted for about 1 minute and was followed by clonic con-
tractions of the limbs for'about 2 minutes. During all this time the corneal
reflexes were absent. The previously gentle animal became irritable and
from then on was difficult to handle. During the following 2 days many
attacks of the same type were observed, after each of which the dog grew
progressively weaker. When the experiment was terminated, examination
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revealed organizing thrombotic masses on the chordae of the tricuspid valve
and in the right auricular appendage. There were a few minor hemorrhages
in the brain of this animal, the more significant lesions consisting of neuronal
destruction in the hippocampal cortex. The cells showed different degrees of
"ischemic" necrosis. The oligodendroglia were swollen and the microglia
showed evidence of proliferating activity. All of these changes were related
to necrosis of the cortical vessels, whose endothelium was swollen sufficiently
to have produced obstruction of the vascular lumina (Fig. 51).
Dog No. 370. Over a period of 57 days this large police dog received
26 injections, totalling 224 cc., of the saline extract of minced testicle after
acetone-ether treatment. The injections were made rapidly, within a minute
as a rule, and the majority were followed by the usual changes^in respiration,
by general agitation, and by evidences of central nervous svstem irritation.
Nystagmus was a prominent feature after many of the injections, as was
weakness. Bleeding from the bowel occurred several times and also tem-
porary paralysis of a hind leg. The last injection of 15 cc., given over a 2-
minute period, was followed by coma, nystagmus, rigidity, running move-
ments of the legs, and retraction of the head. After 5 minutes first attempts
were made to get up, but having regained his feet the animal fell to the left,
and this happened repeatedly. The nystagmus persisted, both horizontal and
rotary in type; there was fixation of the eyes to the right (Fig. 56) and the
head was turned in this direction. The animal continued in this state unable
to stand, with body bent in a semicircle and head and eyes twisted toward the
right. He ate and drank, but the neurological condition seemed to indi-
cate discontinuance of the experiment and the animal was sacrificed 4 days
later. Thickening of the auricular endocardium, warty vegetations old and
healing, at the attachments of the chordae to the tricuspid valve and to a
lesser extent on the mitral, and other evidences of vascular necrosis and heal-
ing were found in the viscera. The brain in the gross showed large zones of
necrosis in the mesencephalon and in the ventral portion of the pons. These
were outlined by proliferated mesenchymal and glial tissue and consisted of
necrotic neurones and medullary fibers (Figs. 57 and 58). Angionecrosis
was present on the margins of these lesions (Fig. 59). Some of the involved
vessels contained granular debris in their lumina and were surrounded by
nuclear fragments of degenerating cells and by small numbers of leukocytes.
The left abducens nerve nucleus was completely destroyed by a circum-
scribed focus of necrosis in which many fat-containing phagocytes were
present.
Dog No. 438. This animal received the saline extract of the powrder
resulting from acetone-ether treatment of minced testicle. He was given
18 injections, totalling 134 cc., over a period of about 2 months. The
injections were followed usually by difficulties in respiration and by nystag-
mus. However, the reaction to the injections was generally not as violent as
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is usual with this preparation, and several were tolerated without symptoms.
During his stay in the laboratory, the animal developed a generalized atrophic
dermatitis with loss of hair, and ulcers appeared over the prominences of the
edematous joints of the legs. Weight loss was evident and the experiment
was terminated because of the increasing weakness. Postmortem examina-
tion failed to reveal thrombi. There was a small amount of muscle necrosis
in the left ventricle of the heart.
On a number of occasions following injection this animal, which was
under study for 77 days, developed labored respirations and nystagmus, and
lost sphincteric control. It was necropsied without other evidence of nervous
involvement having become manifest. Hemorrhages were present in neither
the cerebral meninges nor the parenchyma. A large infarct-like zone of
necrosis was found in the caudate nucleus beneath the ventricular ependyma,
and cortical destruction was evident in a number of the frontal lobe gyri
(Fig. 52). The lesions were characterized by an almost complete disappear-
ance of ganglion cells-the few such cells remaining were in various stages
of disintegration. Aside from an active glial proliferative response, the
capillaries were found to be exceedingly numerous as the result of new
growth (Fig. 53). The capillary endothelial cells were not merely swollen
but showed abundant evidence of proliferation. Many of these cells were in
mitotic division. The histologic picture thus created was in every way simi-
lar to that seen with considerable frequency in instances of cerebrovascular
disease in man (Fig. 55). Note must be made here that not only were no
emboli found in any of the cerebral vessels of the animals in this group, but
no possible source for their origin was discovered in the course of a complete
necropsy of each dog.
Experience srith the injection of various extracts. The speed of
injection has a significant effect on the immediate reaction of the
animal, particularly when testide extract is used. The basis for this
is reported independently,2 here it is desired only to present the pro-
tocols of 2 animals that received large quantities of extract in
repeated daily doses with all but the first few injections made very
rapidly (30 seconds), and with associated marked immediate
symptomatology.
Dog No. 535. A large, well-developed German shepherd, weighing
49 lbs., received a total of 830 cc. of saline extract of the powder remaining
after acetone-ether treatment of minced testes. During the 11 weeks of
observation 44 injections of approximately 20 cc. each were made. They
were made with the usual care, but with increasing rapidity, irrespective of
symptoms, and the last 15 involved the introduction of the extract into the
vein in not more than 30 seconds and often in as few as 15. Symptoms
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varied in severity, but were no more frequent, severe, or unusual with the
later rapid injections than they had been with the earlier, more cautious ones.
Large amounts of albumin and blood were present in the urine examined on
the last day of the animal's life. The more interesting postmortem findings
included the usual large, fresh, as well as the small healed and healing,
thrombi involving the chordae of the tricuspid valve, and the unusual, much
more marked involvement of the chordae of the mitral valve by the same
process. A small hemorrhage was found in the anterior portion of the left
striate body and a large zone of softening destroyed much of the left putamen
and internal capsule. Smaller foci of encephalomalacia were present in the
right striate body and optic thalamus. Numerous macrophages were found
on the margins of the zones of softening. They contained old blood pigment
and other granular debris. The larger vessels in these regions were entirely
unaltered, the smaller ones had slightly thickened walls, but none was
occluded.
Dog No. 536. A large mongrel received a total of 1080 cc. of the saline
extract of the powder after acetone-ether treatment of minced testicle. Dur-
ing the 3 months the animal was under observation 60 injections of approxi-
mately 20 cc. each were made. The injections usually were made with
marked rapidity and, in connection with the animal's original short clotting
time, the symptoms associated with them were severe. Large numbers of
leukocytes and red cells were found in the urine during the last two weeks of
life. At the same time the animal became drowsy and a constant nystagmus
was observed. He finally succumbed shortly after an injection. At autopsy
the usual organized and fresh thrombi between the chordae of the tricuspid
valve were seen. Fresh, stringy, antemortem clots were curled around the
chordae of the mitral valve from where they continued in the direction of the
aorta and one occluded the left anterior coronary artery. The source of the
white and red blood cells in the urine was hemorrhage and edema in the wall
of the urinary bladder. There were no hemorrhages in either the cerebral
meninges or parenchyma. Several frontal lobe gyri showed blurring of the
cortical gray matter, and similar changes were noted in the occipital lobes.
The cornu ammonis formations were pale. Microscopic examination dis-
closed the reason for these cortical changes to be extensive necrobiosis of
ganglion cells. Some of these had entirely disappeared, whereas others were
shrunken and hyperchromic.
The last two protocols to be included in this report concern dogs
which, like the previous two, had received large quantities of extract
by repeated daily injections. The clinical, and especially the ana-
tomical, changesthey manifested were unusual and strikingly similar.
The animals were under study at the same time and were in neigh-
boring cages. The first had become increasingly drowsy and for
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weeks would sleep,constantly except when stimulated to eat, which
it then did with enthusiasm. It lost weight and developed skin
ulceration over the bony prominences of the joints of the extremi-
ties. These decubitus ulcers were facilitated by peri-articular
edemas. As will be seen, the ulcers may have been the portal of
entry for the bacteria that were found to complicate the anatomical
picture both of the heart and brain.
Dog No. 433. Over a period of almost 5 months, this large mongrel,
weighing 72 lbs., received 44 injections, totalling 595 cc., of the saline extract
of the powder resulting from acetone-ether treatment of minced testicle.
Symptoms after injection consisted usually of difficulty in respiration and an
occasional slight nystagmus. Collapse was rare. The injections were discon-
tinued 2 weeks before death, when the right leg was found to be painful;
within a day or two a deep ulcer developed over the carpal joint. The dog
had become increasingly lethargic and did not react to the usual stimuli; even
loud noises in his immediate vicinity elicited only a slight movement of his
eyelids. He ate and drank voraciously, but only when food was placed con-
veniently at his head. His temperature reached levels of 103.80, and his
leukocyte count rose to 115,600 per cu. mm. Postmortem examination
revealed, besides the usual tricuspid thrombi, a destructive process in the mitral
valve associated with a large thrombotic mass which bulged into the left
auricle. A small nodule of the same character was present on one of the
aortic cusps and necrosis of the myocardium was present in the ventricular
septum between the insertion of the mitral and aortic valves. There were
suppurative infarcts of both kidneys and the right iliac artery and vein were
occluded by a puriform thrombus. There was also an abscess in the muscles
of the right thigh. With the microscope large numbers of colonies of bacteria
were seen in the mitral clots. Within the mitral and aortic valves there was
marked necrosis, exudation of fibrin, and white blood cells. Extensive hem-
orrhages, as well as infiltrations of polymorphonuclear leukocytes were present
in the cerebral meninges. Many pial vessels had necrotic walls. Every region
of the cerebral cortex contained embolic abscesses. These were less abundant
in the subcortical white matter and in the basal ganglia. Several fairly large
foci of suppuration were seen in the hypothalamic-nuclei and, in addition, the
gray matter around the third ventricle contained cuffs of leukocytes in the
perivascular spaces. Ganglion cell necroses were abundant and frequently
these were adjacent to foci of suppuration.
Dog No. 515 received within 4 weeks 20 injections, totalling 370 cc., of
the saline extract of the powder after acetone-ether treatment of minced tes-
ticle. Immediate reactions to single injections were only slight nystagmus or
slightly labored respiration. About 2 weeks after the beginning of the experi-
ment, a continuous tremor of the right front leg was observed and persisted
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until death. Three days before death, lack of motion was noted in the right
hind leg, and the animal vomited. Although the injections were discontinued,
signs of failing circulation rapidly developed. Aside from the usual fresh and
organizing thrombi curled around the chordae of the tricuspid valve, there
were large thrombotic masses associated with destruction of both the mitral
and aortic valves and an abscess in the ventricular septum, as in Dog No.
433. Extensive hemorrhagic necroses were present in the walls of the large
and small bowel and also in the kidneys and testicles. The microscope revealed
large numbers of colonies of bacteria in the clots of the heart valves and in-the
myocardial abscess. The valves were extensively destroyed. The cerebral
leptomeninges showed extensive hemorrhages and a purulent exudate which
extended in places through the pia into the cortex beneath. No embolic
abscesses were found, but the purulent reaction was present in the perivascular
spaces of the cortical gray matter. Foci of neuronal destruction and intersti-
tial necrosis of the hypothalamic nuclei appeared to have resulted from vascu-
lar changes in their vicinity. The latter consisted of mural necrosis and
endothelial swelling, which greatly reduced the caliber of the lumina.
Summary arnd conlusions
Counterparts of many of the types of lesions of the central nerv-
ous system found in association with cardiovascular disease in man
have been reproduced by the injection of tissue extracts into bilat-
erally nephrectomized and normal dogs.
Bilateral nephrectomy alone results only in petechial hemor-
rhages of meninges and brain. These are comparable to the
hemorrhages in the cardiac valves and probably occur in other
viscera also, where the background makes it difficult to identify
them. As far as has been determined these are not associated with
specific symptoms.
Complete ligation of both main renal arteries or both ureters
may lead to convulsions and to much more extensive hemorrhagic
lesions of both meninges and brain in spite of a shorter survival
period.
When the bilaterally nephrectomized dog is injected with organ
extracts the resultinglesions are more extensive. This is particularly
true with the crude kidney preparation, but does not hold for the
preparation pre-treated with acetone-ether or for Renin. On the
other hand, many of its purified fractions, as well asthe crude prepa-
ration of testicle, have this effect. The lesions include not only
hemorrhage and necrosis of the vascular walls, but also gross infarct-
like areas ofencephalomalacia, smaller scattered focal areas of necro-
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sis, and destruction of ganglion cells alone. Intact dogs may survive
the injection of extracts for a much longer period and then show, in
addition to acute lesions, the chronic prototypes often preceded by
diagnostic clinical signs.
Hemorrhages of meninges and brain are rare, but residua of such
hemorrhages may be found in association with small focal areas of
cystic encephalomalacia. Focal areas of capillary and neuroglia
proliferations may be large or small, single or multiple, and may
explain particular clinical syndromes. Some of these lesions closely
simulate the changes in the brain associated with hypertension in
man. Disappearance of ganglion cells without change in the sup-
porting structure also occurs. Such areas may involve the cornu
ammonis formation and be the anatomical expression of epileptiform
attacks manifested by the animal during life.
The explanation of how these lesions are produced by tissue
extracts is in part based upon their effect on the coagulation time of
the blood. The absence ofthrombi in the vascular bed of the central
nervous system and the repeated recovery of an animal from uncon-
sciousness after injection of extract make it highly improbable that
actual dotting occurs in the cerebral vessels. On the other hand,
spasm of the vessels or transient alteration of the physical character
of the blood withinthem and long-continued lowblood pressure may
result in an anoxemia adequate to produce structural changes in the
tissues of the brain, especially in the ganglion cells which are so
sensitive to oxygen deprivation.
These experiments emphasize ways in which the central nervous
system may be influenced. They also show that infected emboli
may produce in the central nervous system lesions believed not to
occur after the intravenous injection of bacteria alone.
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Fw. 46. Dog 280. Hemorrhagic infarct in suiicortex of ri'ghlt teiiiporal lohle.
FIG. 47. Dog 280. Note hemorrhage an(d pliagocytes containing old 1)100( 1 pigment. Proliferated
capillaries ire pest on tlhe miiargin of the lesion. Ili'ionii stain.PLATE XXII
FIGi. 48. Dog 280. Intramural hlematoma in arteriole. Thionin stain. X ca. 250.
FIa. 49. Intramural hematoma in arteriole on margin of massive cerebral lhemollhage in .53-year-old(
an iwithl hypertensive cardiovasctular disease. Tlhionin stain. X ca. 2.50.' Fl @ t, t' ' t * t ; V*
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PLATE XXIII
FIG. 50. Dog 144. Focus of enceplialomalacia in left supramarginal gyrus. Thionin stain. X 90.
FIG. 51. Dog 429. Ischemic changes in ganglion cells of hippocampal cortex. Note severely
injured blood vessel. Thionin stain. X 225.54
PLATE XXIV
FIG. 52. Dog 438. Zone of ischemiiic necrosis in caudate nucleus. Note vascular prolifelation in
cortical gray matter.
Fia. 53. Dog 438. Frontal lobe cortex char.acterized by loss of ganglion cells, and by glial and
capillary proliferationi. Thionin stain. X75.
FiC. 54. Dog 45. Large heiiorrhliage in right internal capsule and several sml-aller extravasations
in caudate nucleus.
FIG. 55. This photomicrograpli reveals neuronal, glial, and capillary changes in the cortex of an
instance of cerebral infarction in man. Note how closely it compares with Fig. 53.I,
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PLATE XXV
FIG. 56. Dog 370. Internlal strabisioius of left eye.
FIG. 57. Dog 373. Note focus of necrosis wliich destroys the left 3rd cranial nerve nucleus.
Tlhionin stain. X 5.
FIG. 58. Dog 370. There is demnyelination in the region of the left abducens nerve nucleus (sec-
tion reversed in imounting). Kultschitzky stain. X 6.
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Fic. 59. Dog 370. Necrotic vessel in zone of infarction. Note occlusion of lumen with debris.
Tliionin stain. x 200.
FIG. 60. Dog 349. The Pturkinje cells are absent; there is sonie capillary and glial proliferation.
IFocal recent hemorrhages are seen in the molecuilar layer. Tliionin stain. X 7.5.